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Chemical Analysis and Compound Isolation
For small-scale analysis, the P. thymicola wild-type and transformants were grown in SDA agar for 7 days at 24C. 1 cm × 1 cm agar was extracted with 2 ml acetone, and then evaporated to dryness. The dried extracts were dissolved in 300 l methanol for
LC-MS analysis. LC-MS analyses were performed on a Shimadzu 2010 EV LC-MS
(Phenomenex ® Luna, 5, 2.0 × 100 mm, C18 column) using positive and negative mode electrospray ionization with a linear gradient of 5-95% MeCN-H 2 O in 30 minutes followed by 95% MeCN for 15 minutes with a flow rate of 0.1 ml/min.
For large-scale analysis, the acetone extract from a 2 L SDA solid agar extract of mutant was evaporated to dryness and partitioned between ethyl acetate/H 2 O three times. After evaporation of the organic phase, the crude extracts were separated by silica chromatography. The purity of each compound was checked by LC-MS, and the structure was confirmed by NMR. 1 H, 13 C and 2D NMR spectra were obtained using d 6 -DMSO as solvent on Bruker AV500 spectrometer with a 5 mm dual cryoprobe at the UCLA Molecular Instrumentation Center.
Protein Expression and Purification
Intron-free penI and penG were cloned from cDNA and inserted into plasmids pET44a and pET28a to yield the pET44a-penI and pET28a-penG respectively. The plasmids were transformed into the E. coli BL21(DE3) strain for protein expression.
The E. coli BL21(DE3) cell harboring pET44a-penI or pET28a-penG were cultured in LB medium supplemented with 100 g/ml ampicillin or 50 g/ml kanamycin (final concentration) at 37°C and 250 rpm to an OD 600 of 0.5. The cultures were then incubated on ice for 10 min before addition of 0.2 mM (final concentration) IPTG to induce protein expression. The cells were further cultured at 16°C for 20 hours, and were harvested by centrifugation (3,500 rpm, 15 min, 4°C), re-suspended in 40 mL buffer A (50 mM Tris-HCl, pH 7.9, 0.5 M NaCl, and 10% glycerol) and lysed by sonication on ice for 40 min. Cellular debris was removed by centrifugation (14,000 S6 rpm, 45 min, 4°C), and the supernatant was used to purify the protein by nickel-affinity chromatography using standard protocols. The protein was eluted with increasing gradient of buffer B (500 mM imidazole in buffer A). Purified proteins were concentrated and exchanged into buffer C (50 mM Tris-HCl, pH 7.9, 50 mM NaCl, and 5% glycerol) with Centriprep filters (Amicon). The protein was stored in buffer C at -80°C. Protein concentration was determined by Bradford assay using bovine serum albumin as a standard. The reaction mixtures were quenched and extracted with 200 l ethyl acetate (EA).
In vitro characterization of PenG and PenI
The resultant organic extracts were evaporated to dryness, re-dissolved in methanol, and then analyzed on LC-MS. LC-MS analyses were performed on a Shimadzu 2020 EV LC-MS (Kinetex™ 1.7 µm C18 100 Å, LC Column 100 x 2.1 mm) using positive and negative mode electrospray ionization with a linear gradient of 5-95% MeCN-H 2 O in 15 minutes followed by 95% MeCN for 3 minutes with a flow rate of 0.3 ml/min.
Biotransformation of 2 to 6
penI cDNA was amplified by RT-PCR using SuperScript ® II Reverse Transcriptase (Invitrogen) and Phusion ® High-Fidelity DNA Polymerase, and was cloned into the pET44a and transformed into the E. coli BL21(DE3) strain. The transformant with PenI-expression plasmid was grown in LB medium supplemented with 100 g/ml ampicillin at 37C to an OD 600 of 0.5, at which time the cultures were cooled to 16C
and then induced with 0.2 mM IPTG at 250 rpm and grown at 16C 20 hours. To increase cell density, the E. coli cells were concentrated 10-fold before addition of 2.
1L culture was collected by centrifugation (4C, 3500rpm, 10 min). The cell pellet was gently resuspended in 100 mL of fresh LB medium supernatant, followed by addition of 200 μM 2 (final concentration), and then shaken at 28C, 250 rpm for two days. For product isolation, cell culture was extracted with 200 ml ethyl acetate three times. After evaporation of the organic phase, the crude extracts were separated by silica chromatography. The purity of 6 was checked by LC-MS, and the structure was S7 confirmed by NMR.
penG, penE and penJ cDNA were amplified by RT-PCR using SuperScript® II Reverse Transcriptase (Invitrogen) and Phusion ® High-Fidelity DNA Polymerase.
Intron-free penG and penJ genes were cloned into uracil drop-out plasmid pXW55 to yield the yeast-expression plasmids pXW55-penG and pXW55-penJ respectively. penE was cloned into L-tryptophan drop-out plasmid pXW06 and to yield the yeast-expression plasmid pXW06-penE. pXW55-penG, and pXW06-penE/pXW55-penJ were transformed into S. cerevisiae BJ5464-NpgA strain.
The transformants with PenG-expression plasmid or PenEJ co-expression plasmids were grown in uracil, or uracil and L-tryptophan drop-out medium at 28C 2 days, at which time the cultures were transferred into 1L fresh YPD medium and were shaken at 28C, 250 rpm for three days. To increase cell density, the yeast cells were concentrated 10-fold before addition of 9 or 10. 1L culture was collected by centrifugation (4C, 2000rpm, 10 min). The cell pellet was gently resuspended in 100 ml of fresh YPD medium, followed by addition of 200 μM 9 or 10 (final concentration),
and then shaken at 28C, 250 rpm for days. For product isolation, cell culture was extracted with 200 ml ethyl acetate three times. After evaporation of the organic phase, the crude extracts were separated by silica chromatography. The purity of each compound was checked by LC-MS, and the structure was confirmed by NMR. 1 H, 13 C and 2D NMR spectra were obtained using DMSO-d 6 as solvent on Bruker AV500
spectrometer with a 5 mm dual cryoprobe at the UCLA Molecular Instrumentation
Center.
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18 O labeling assays in the PenG-catalyzed conversion of 9 to 10. Reactions performed in buffer
